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TITLE OF THE INVENTION 

DNA ENCODING PROSTAGLANDIN RECEPTOR EP2 



B ACKGROUNP OF THE INVENTION 

The physiological actions of prostaglandin (PG)E2 are 
mediated through interaction with the prostaglandin E receptor(s). There 
are three subtypes of the EP receptor, EPi , EP2 and EP3 (for review see 
Coleman et ah> 1989). These three subtypes all show high affinity for 
PGE2 but show differences in their affinities for various agonists and 
antagonists and exert their actions through different secondary 
transduction mechanisms. Thus activation of the EPI receptor is 
associated with a rise in IP3 and intracellular calcium, activation of the 
EP2 receptor results in a rise in intracellular cyclic AMP and activation of 
the EP3 receptor a fall in intracellular cyclic AMP. To date the only 
members of this family to be cloned are the mouse EP2 (Honda et ah, 
1993) and the mouse EP3a and EP3p (Sugimoto et ah, 1992; Sugimoto 
et ah, 1993) subtypes. EP2 receptors are normally found on a wide 
variety of cells including the small intestine, kidney, stomach, muscle, 
eye, uterus, thymus and trachea, in humans and other animals. Binding 
of prostaglandin E2 to the EP2 receptor protein elicits an increa.se in 
intracellular cAMP levels. This signal causes the tissues to respond, for 
example, by smooth muscle relaxation. 

Functional activities of the EP2 receptor have been studied using tissue 
preparations such as guinea-pig ileum circular muscle, cat trachea , 
guinea-pig trachea and cell preparations, such as lymphocytes and 
osteoclasts. The above methods for studying EP2 receptor activities 
have several disadvantages in that they require preparations containing 
several different but related receptor populations, with different ligand 
binding properties making measurements of absolute potency and 
selectivity very difficult. In addition, tissues contain very low levels of 
EP2 receptor and since tissue samples are required, compounds cannot 
satisfactorily be tested as effectors of the human EP2 receptor. 
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SUMMARY OF THE INVENTION 

A novel prostaglandin receptor protein termed EP2 has been 
isolated and purified from human cells. A DNA molecule encoding the 
full length EP2 protein has been isolated and purified, and the nucleotide 
sequence has been determined. The EP2 encoding DNA has been cloned 
into expression vectors and these expression vectors, when introduced 
into recombinant host cells, cause the recombinant host cells to express a 
functional EP2 receptor protein. The novel EP2 protein, the EP2- 
encoding DNA, the expression vectors and recombinant host cells 
expressing recombinant EP2 are useful in the identification of modulators 
of EP2 receptor activity. 

A method of identifying EP2 receptor modulators is also 
disclosed which utilizes the recombinant EP2 expressing host cells. 
Modulators of EP2 activity are useful for the treatment of prostaglandin- 
related diseases and for modulating the effects of prostaglandins on the 
EP2 receptor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 - The complete DNA sequence encoding the EP2 
receptor protein is shown above the complete deduced amino acid 
sequence of the EP2 receptor protein. 

Figure 2 - Expression of the prostaglandin E2 receptor in EP2 
cDNA-injected Xenopus oocytes is shown by an inward cAMP- 
dependent CI" current (shown as downward deflection) evoked by bath 
perfusion of 1 nM PGE2 when the oocyte was injected with 1 .6 ng EP2 
cDNA plus 2.5 ng CFTR cDNA and voltage-clamped at -60 mV. 

Figure 3 - IBMX-induced, CFTR-mediated CI- current in (CFTR 
+ anti-sense hEP2) cDNA injected oocytes is shown, noting the lack of 
response to 1 ^iM and 3 |LiM PGE2. 

Figure 4 - Competition for [3H]PGE2 specific binding to 
pcDNAIamp-hEP2 transfected COS-M6 membranes is shown by 
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[3H]PGE2 binding assays performed in the presence of: Panel A) lOpM- 
lOmM PGE2 (1 ), PGE1 (o), 17-pheyyl-trinor PGE2 (n), iloprost (q ), 
PGF2oc (u), PGD2 (O), and U46619 (s ) and Panel B, lOOpM-lOOuM 
MB28767 (1), misoprostol (o), butaprost (n), AH6809 (q) and SCI 9220 
(u). 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to cDNA encoding a novel 
prostaglandin receptor, termed EP2. The present invention is also related 
to recombinant host cells which express the cloned EP2-encoding DNA 
contained in a recombinant expression plasmid. The present invention is 
also related to methods for the screening of substances which modulate 
EP2 receptor activity. The DNA of the present invention is isolated from 
EP2 producing cells. EP2, as used herein, refers to a G protein-coupled 
receptor which can specifically bind prostaglandin molecules. 

Mammalian cells capable of producing EP2 include, but are 
not limited to, cells derived from small intestine, kidney, stomach, 
vascular smooth muscle, eye, placenta, uterus, lyphocytes, osteoclasts 
and the tracheobronchial tree. Transformed mammalian cell lines which 
produce EP2 include, but are not limited to, mastocytoma P-81 5 cells. 
The preferred cells for the present invention include normal human 
kidney and lung cells and the most preferred cells are human thymus 
cells. 

Other cells and cell lines may also be suitable for use to 
isolate EP2 cDNA. Selection of suitable cells may be done by screening 
for EP2 on cell surfaces. Methods for detecting EP2 activity are well 
known in the art and measure the binding of radiolabeled ligand specific 
for the receptor. Cells which possess EP2 activity in this assay may be 
suitable for the isolation of EP2 cDNA. 

Any of a variety of procedures may be used to clone EP2 
cDNA. These methods include, but are not limited to, direct functional 
expression of the EP2 cDNA following the construction of an EP2- 
containing cDNA library in an appropriate expression vector system. 
Another method is to screen an EP2-containing cDN A library constructed 
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in a bacteriophage or plasmid shuttle vector with a labelled 
oligonucleotide probe designed from the amino acid sequence of the EP2 
protein. The preferred method consists of screening an EP2-containing 
cDNA library constructed in a bacteriophage or plasmid shuttle vector 
with a partial cDNA encoding the EP2 protein. This partial cDNA is 
obtained by the specific PCR amplification of EP2 DNA fragments 
through the design of degenerate oligonucleotide primers from the amino 
acid sequence known for other G protein-coupled receptors which are 
related to the prostaglandin EP2 receptors. 

It is readily apparent that other types of libraries, as well as 
libraries constructed from other cells or cell types, may be useful for 
isolating EP2-encoding DNA. Other types of libraries include, but are 
not limited to, cDNA libraries derived from other cells or cell lines and 
genomic DNA libraries. 

It is readily apparent that suitable cDNA libraries may be 
prepared from cells or cell lines which have EP2 activity. The selection 
of cells or cell lines for use in preparing a cDNA library to isolate EP2 
cDNA may be done by first measuring cell associated EP2 activity using 
the known labelled ligand binding assay cited above and used herein. 

Preparation of cDNA libraries can be performed by standard 
techniques well known in the art. Well known cDNA library 
construction techniques can be found for example, in Maniatis, T., 
Fritsch, E.F., Sambrook, J., Molecular Cloning: A Laboratory Manual 
(Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, 1982). 

It is also readily apparent that DNA encoding EP2 may also 
be isolated from a suitable genomic DNA library. Construction of 
genomic DNA libraries can be performed by standard techniques well 
known in the art. Well known genomic DNA library construction 
techniques can be found in Maniatis, T., Fritsch, E.F., Sambrook, J. in 
Molecular Cloning: A Laboratory Manual (Cold Spring Harbor 
Laboratory, Cold Spring Harbor, New York, 1982). 

In order to clone the EP2 gene by one of the preferred 
methods, the amino acid sequence or DNA sequence of EP2 or a 
homologous protein is necessary. To accomplish this, EP2 protein or a 
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homologous protein may be purified and partial amino acid sequence 
determined by automated sequenators. It is not necessary to determine 
the entire amino acid sequence, but the linear sequence of two regions of 
6 to 8 amino acids can be determined for the PGR amplification of a 
partial EP2 DNA fragment. 

Once suitable amino acid sequences have been identified, 
the DNA sequences capable of encoding them are synthesized. Because 
the genetic code is degenerate, more than one codon may be used to 
encode a particular amino acid, and therefore, the amino acid sequence 
can be encoded by any of a set of similar DNA oligonucleotides. Only 
one member of the set will be identical to the EP2 sequence but others in 
the set will be capable of hybridizing to EP2 DNA even in the presence 
of DNA oligonucleotides with mismatches. The mismatched DNA 
oligonucleotides may still sufficiently hybridize to the EP2 DNA to 
permit identification and isolation of EP2 encoding DNA. 

Using one of the preferred methods, cDNA clones encoding 
EP2 are isolated in a two-stage approach employing polymerase chain 
reaction (PCR) based technology and cDNA library screening. In the 
first stage, NH2-terminal and internal amino acid sequence information 

from the purified EP2 or a homologous protein i:: used to design 
degenerate oligonucleotide primers for the amplification of EP2-specific 
DNA fragments. In the second stage, these fragments are cloned to serve 
as probes for the isolation of full length cDNA from cDNA libraries. 

The sequence for the near full-length cDNA encoding EP2 is 
shown in Table 1, and was designated clone EP2. The deduced amino 
acid sequence of EP2 from the cloned cDNA is shown in Table 2. 
Inspection of the determined cDN A sequence reveals the presence of a 
single, large open reading frame that encodes for a protein of 
approximately 488 amino acids. 

The cloned EP2 cDNA obtained through the methods 
described above may be recombinantly expressed by molecular cloning 
into an expression vector containing a suitable promoter and other 
appropriate transcription regulatory elements, and transferred into 
prokaryotic or eukaryotic host cells to produce recombinant EP2. 
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Techniques for such manipulations can be found described in Maniatis, 
T, et aL, supra , and are well known in the art. 

Expression vectors are defined herein as DNA sequences 
that are required for the transcription of cloned DNA and the translation 
of their mRNAs in an appropriate host. Such vectors can be used to 
express eukaryotic DNA in a variety of hosts such as bacteria, bluegreen 
algae, plant cells, insect cells and animal cells. 

Specifically designed vectors allow the shuttling of DNA 
between hosts such as bacteria-yeast or bacteria-animal cells. An 
appropriately constructed expression vector should contain: an origin of 
replication for autonomous replication in host cells, selectable markers, a 
limited number of useful restriction enzyme sites, a potential for high 
copy number, and active promoters. A promoter is defined as a DNA 
sequence that directs RNA polymerase to bind to DNA and initiate RNA 
synthesis. A strong promoter is one which causes mRNAs to be initiated 
at high frequency. Expression vectors may include, but are not limited 
to, cloning vectors, modified cloning vectors, specifically designed 
plasmids or viruses. 

A variety of mammalian expression vectors may be used to 
express recombinant EP2 in mammalian cells. Commercially available 
mammalian expression vectors which may be suitable for recombinant 
EP2 expression, include but are not limited to, pMClneo (Stratagene), 
pXTl (Stratagene), pSG5 (Stratagene), pcDNAI, pcDNAIamp 
(Invitrogen), EBO-pSV2-neo (ATCC 37593) pBPV- 1(8-2) (ATCC 
371 10), pdBPV-MMTneo(342-12) (ATCC 37224), pRSVgpt (ATCC 
37199), pRSVneo (ATCC 37198), pSV2-dhfr (ATCC 37146), pUCTag 
(ATCC 37460), 1ZD35 (ATCC 37565), and vaccinia virus transfer vector 
pTMl. 

DNA encoding EP2 may also be cloned into an expression 
vector for expression in a host cell. Host cells may be prokaryotic or 
eukaryotic, including but not limited to bacteria, yeast, mammalian cells 
including but not limited to cell lines of human, bovine, porcine, monkey 
and rodent origin, and insect cells including but not limited to drosophila 
derived cell lines. Cell lines derived from mammalian species which may 
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be suitable and which are commercially available, include but are not 
limited to, CV-1 (ATCC CCL 70), COS-1 (ATCC CRL 1 650), COS-7 
(ATCC CRL 1651), CHO-K1 (ATCC CCL 61), 3T3 (ATCC CCL 92), 
NIH/3T3 (ATCC CRL 1658), HeLa (ATCC CCL 2), C127I (ATCC CRL 
1616), BS-C-1 (ATCC CCL 26) and MRC-5 (ATCC CCL 171). 

The expression vector may be introduced into host cells via 
any one of a number of techniques including but not limited to 
transformation, transfection, infection, protoplast fusion, and 
electroporation. The expression vector-containing cells are individually 
analyzed to determine whether they produce EP2 protein. Identification 
of EP2 expressing cells may be done by several means, including but not 
limited to immunological reactivity with anti-EP2 antibodies, and the 
presence of host cell-associated EP2 activity. 

Expression of EP2 DNA may also be performed using in 
vitro produced synthetic mRNA. Synthetic mRNA can be efficiently 
translated in various cell-free systems, including but not limited to wheat 
germ extracts and reticulocyte extracts, as well as efficiently translated in 
cell based systems, including but not limited to microinjection into frog 
oocytes, with microinjection into frog oocytes being preferred. 

To determine the EP2 cDNA sequence(s) that yields optimal 
levels of receptor activity and/or EP2 protein, EP2 cDNA molecules 
including but not limited to the following can be constructed: the full- 
length open reading frame of the EP2 cDNA and various constructs 
containing portions of the cDNA encoding only specific domains of the 
receptor protein or rearranged domains of the protein. All constructs can 
be designed to contain none, all or portions of the 5' and/or 3' 
untranslated region of EP2 cDNA. EP2 activity and levels of protein 
expression can be determined following the introduction, both singly and 
in combination, of these constructs into appropriate host cells. Following 
determination of the EP2 cDNA cassette yielding optimal expression in 
transient assays, this EP2 cDNA construct is transferred to a variety of 
expression vectors (including recombinant viruses), including but not 
limited to those for mammalian cells, plant cells, insect cells, oocytes, E. 
co]i, and yeast cells. 
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Mammalian cell transfectants are assayed for both the levels 
of EP2 receptor activity and levels of EP2 protein by the following 
methods. Assessing EP2 receptor activity involves the direct introduction 
of a labelled ligand to the cells and determining the amount of specific 
binding of the ligand to the EP2-expressing cells. Binding assays for 
receptor activity are known in the art (Frey et ah, 1993, Eur. J. 
Pharmacol., 244, pp 239-250). 

Levels of EP2 protein in host cells is quantitated by a variety 
of techniques including, but not limited to, immunoaffinity and/or ligand 
affinity techniques. EP2-specific affinity beads or EP2-specific 
antibodies are used to isolate 

35 S 

-methionine labelled or unlabelled EP2 
protein. Labelled EP2 protein is analyzed by SDS-PAGE. Unlabelled 
EP2 protein is detected by Western blotting, ELIS A or RIA assays 
employing EP2 specific antibodies. 

Following expression of EP2 in a host cell, EP2 protein may 
be recovered to provide EP2 in active form, capable of binding EP2- 
specific ligands. Several EP2 purification procedures are available and 
suitable for use. Recombinant EP2 may be purified from cell membranes 
by various combinations of, or individual application of standard 
separation techniques including but not limited to detergent 
solubilization, salt fractionation, ion exchange chromatography, size 
exclusion chromatography, hydroxylapatite adsorption chromatography 
and hydrophobic interaction chromatography. 

In addition, recombinant EP2 can be separated from other 
cellular proteins by use of an immuno-affinity column made with 
monoclonal or polyclonal antibodies specific for full length nascent EP2, 
or polypeptide fragments of EP2. 

Monospecific antibodies to EP2 are purified from 
mammalian antisera containing antibodies reactive against EP2 or are 
prepared as monoclonal antibodies reactive with EP2 using the technique 
of Kohler and Milstein, Nature 256: 495-497 (1975). Monospecific 
antibody as used herein is defined as a single antibody species or multiple 
antibody species with homogenous binding characteristics for EP2. 
Homogenous binding as used herein refers to the ability of the antibody 
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species to bind to a specific antigen or epitope, such as those associated 
with the EP2, as described above. EP2 specific antibodies are raised by 
immunizing animals such as mice, rats, guinea pigs, rabbits, goats, horses 
and the like, with an appropriate concentration of EP2 or a peptide 
derived from the sequence of the EP2 protein either with or without an 
immune adjuvant. 

Preimmune serum is collected prior to the first 
immunization. Each animal re . sives between about 0.1 |ig and about 
1000 fig of EP2 or EP2-related peptide associated with an acceptable 
immune adjuvant. Such acceptable adjuvants include, but are not limited 
to, Freund's complete, Freund's incomplete, alum-precipitate, water in oil 
emulsion containing Corvnebacterium parvum and tRNA. The initial 
immunization consisted of the enzyme in, preferably, Freund's complete 
adjuvant at multiple sites either subcutaneously (SC), intraperitoneal^ 
(IP) or both. Each animal is bled at regular intervals, preferably weekly, 
to determine antibody titer. The animals may or may not receive booster 
injections following the initial immunization. Those animals receiving 
booster injections are generally given an equal amount of EP2 or EP2- 
related peptide in Freund's incomplete adjuvant by the same route. 
Booster injections are given at about three week intervals until maximal 
titers are obtained. At about 7 days after each booster immunization or 
about weekly after a single immunization, the animals are bled, the serum 
collected, and aliquots are stored at about -20°C. 

Monoclonal antibodies (mAb) reactive with EP2 or a 
peptide derived from the sequence of the EP2 protein are prepared by 
immunizing inbred mice, preferably Balb/c, with EP2 or EP2-related 
peptide . The mice are immunized by the IP or SC route with about 1 (xg 
to about 100 ^ig, preferably about 10 ^ig, of EP2 or EP2-reIated peptide in 
about 0.5 ml buffer or saline incorporated in an equal volume of an 
acceptable adjuvant, as discussed above. Freund's complete adjuvant is 
preferred. The mice receive an initial immunization on day 0 and are 
rested for about 3 to about 30 weeks. Immunized mice are given one or 
more booster immunizations of about 1 to about 100 |ig of EP2 in a 
buffer solution such as phosphate buffered saline by the intravenous (IV) 
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route. Lymphocytes, from antibody positive mice, preferably splenic 
lymphocytes, are obtained by removing spleens from immunized mice by 
standard procedures known in the art. Hybridoma cells are produced by 
mixing the splenic lymphocytes with an appropriate fusion partner, 
preferably myeloma cells, under conditions which will allow the 
formation of stable hybridomas. Fusion partners may include, but are not 
limited to: mouse myelomas P3/NSl/Ag 4-1; MPC-11; S-194 and Sp 2/0, 
with Sp 2/0 being preferred. The antibody producing cells and myeloma 
cells are fused in polyethylene glycol, about 1000 mol. wt, at 
concentrations from about 30% to about 50%. Fused hybridoma cells are 
selected by growth in hypoxanthine, thymidine and aminopterin 
supplemented Dulbecco's Modified Eagles Medium (DMEM) by 
procedures known in the art. Supernatant fluids are collected from 
growth positive wells on about days 14, 18, and 21 and are screened for 
antibody production by an immunoassay such as solid phase 
immunoradioassay (SPBRA) using EP2 or EP2-related peptide as the 
antigen. The culture fluids are also tested in the Ouchterlony 
precipitation assay to determine the isotype of the mAb. Hybridoma cells 
from antibody positive wells are cloned by a technique such as the soft 
agar technique of MacPherson, Soft Agar Techniques, in Tissue Culture 
Methods and Applications, Kruse and Paterson, Eds., Academic Press, 
1973. 

Monoclonal antibodies are produced in vivo by injection of 
pristine primed Balb/c mice, approximately 0.5 ml per mouse, with about 
2 x 10^ to about 6x10^ hybridoma cells about 4 days after priming. 
Ascites fluid is collected at approximately 8-12 days after cell transfer 
and the monoclonal antibodies are purified by techniques known in the 
art. 

In vitro production of anti-EP2 mAb is carried out by 
growing the hydridoma in DMEM containing about 2% fetal calf serum 
to obtain sufficient quantities of the specific mAb. The mAb are purified 
by techniques known in the art. 

Antibody titers of ascites or hybridoma culture fluids are 
determined by various serological or immunological assays which 
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include, but are not limited to, precipitation, passive agglutination, 
enzyme-linked immunosorbent antibody (ELISA) technique and 
radioimmunoassay (RIA) techniques. Similar assays are used to detect 
the presence of EP2 in body fluids or tissue and cell extracts. 

It is readily apparent that the above described methods for 
producing monospecific antibodies may be utilized to produce antibodies 
specific for EP2 polypeptide fragments, or full-length EP2 polypeptide. 

EP2 antibody affinity columns are made by adding the 
antibodies to Affigel-10 (Biorad), a gel support which is pre-activated 
with N-hydroxysuccinimide esters such that the antibodies form covalent 
linkages with the agarose gel bead support. The antibodies are then 
coupled to the gel via amide bonds with the spacer arm. The remaining 
activated esters are then quenched with 1M ethanolamine HC1 (pH 8). 
The column is washed with water followed by 0.23 M glycine HC1 (pH 
2.6) to remove any non-conjugated antibody or extraneous protein. The 
column is then equilibrated in phosphate buffered saline (pH 7.3) 
together with appropriate membrane solubilizing such as detergents and 
the cell culture supernatants or cell extracts containing EP2 or EP2 
fragments are slowly passed through the column. The column is then 
washed with phosphate buffered saline together with appropriate 
membrane solubilizing such as detergents until the optical density (A280) 

falls to background, then the protein is eluted with 0.23 M glycine-HCl 
(pH 2.6) together with appropriate membrane solubilizing such as 
detergents. The purified EP2 protein is then dialyzed against phosphate 
buffered saline together with appropriate membrane solubilizing agent, 
such as detergents. 

One method suitable for the isolation of DNA encoding the 
prostaglandin receptor of the present invention involves the utilization of 
amino acid and/or DNA sequence information obtained from other G- 
protein-linked receptors. Since other prostaglandin receptors are known 
to be G-protein linked, certain regions or domains such as the 
transmembrane and/or cytoplasmic domains, are expected to have some 
degree of homology sufficient to produce a probe for the isolation of 
novel receptors. 
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Prostaglandins and leukotrienes are known to transduce their 
signals via G -protein-linked receptors. Distinct receptors for 
PGH2/thromboxane A2, PGI2, PGE2, PGD2, PGF2oc, LTB4, and LTD4 
present in various tissues have been described. Some of the receptors 
have been solubilized and partially purified ( Dutta-Roy, A.K. et ah, 
(1987) JBC, 262, pp. 12685; Tsai, A.L. et ah, (1989), JBC, 264, pp 61; 
168 - Watanabe, T. et. al-, (1990), JBC, 265, pp. 21237) and the human 
platelet TXA2 receptor has been purified to apparent homogeneity 
(Ushikubi, F. et. al., (1989), JBC, 264, pp. 16496). The purified 
thromboxane receptor exhibited a very broad band on a SDS- 
polyacrylamide gel centered at appr. 57 kDa. Enough protein was 
obtained for partial sequence infomiation. 

An approach to the isolation of other eicosanoid receptor 
genes by homology screening was taken, with the assumption that these 
receptors are related in primary structure (Sugimoto, Y. et al., (1992), 
JBC, 267 . pp. 6463). Since these receptors are of the G-protein-coupled 
receptor superfamily there are areas of homology which are likely to be 
found in the transmembrane region and in the cytoplasmic domains. 
Therefore, various known G-protein linked receptors related to the 
prostaglandin receptors may be utilized to provide DNA probes to 
regions of the receptor protein-encoding DNA sought, which is likely to 
have homology, such as the transmembrane region. 

Using a 0.68 -kb fragment of a mouse EP2 receptor cDNA 
which encodes the c-terminal 1 65 amino acid region of this receptor was 
used to screen a human lung library from which a full-length human EP2 
cDNA was isolated. This 1.958 kb cDNA clone encodes a 488-amino 
acid protein. This protein was designated as the EP2 receptor. Like 
many other G-protein coupled receptors the EP2 receptor shares several 
common features. Firstly, there are 2 potential N-liriked glycosylation 
sites at Asn7 and Asnl77 in the putative extracellular amino terminus. 
Secondly, conserved cysteine residues are found in extracellular loops 1 
and 2. There are multiple serine residues, potential sites of protein kinase 
phosphorylation, throughout the C-terminus and third cytoplasmic loops. 
The EP2 receptor does not contain an aspartic acid residue in 
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transmembrane three which is r: ;aracteristic of the receptors binding 
cationic amino-containing ligands, however, it possesses a conserved 
arginine (position 315) found in all known eicosanoid receptors within 
transmembrane seven. This region is the most highly conserved among 
the eicosanoid receptors. 

The novel prostaglandin receptor of the present invention is 
suitable for use in an assay procedure for the identification of compounds 
which modulate the receptor activity. Modulating receptor activity, as 
described herein includes the inhibition or activation of the receptor and 
also includes directly or indirectly affecting the normal regulation of the 
receptor activity. Compounds which modulate the receptor activity 
include agonists, antagonists and compounds which directly or indirectly 
affect regulation of the receptor activity. 

The prostaglandin receptor of the present invention may be 
obtained from both native and recombinant sources for use in an assay 
procedure to identify receptor modulators. In general, an assay procedure 
to identify prostaglandin receptor modulators will contain the 
prostaglandin receptor of the present invention, and a test compound or 
sample which contains a putative prostaglandin receptor modulator. The 
test compounds or samples may be tested directly on, for example, 
purified receptor protein whether native or recombinant, subcellular 
fractions of receptor-producing cells whether native or recombinant, 
and/or whole cells expressing the receptor whether native or recombinant. 
The test compound or sample may be added to the receptor in the 
presence or absence of a known labelled or unlabelled receptor ligand. 
The modulating activity of the test compound or sample may be 
determined by, for example, analyzing th?: ability of the test compound or 
sample to bind to the receptor, activate the receptor, inhibit receptor 
activity, inhibit or enhance the binding of other compounds to the 
receptor, modify receptor regulation, or modify an intracellular activity. 

The identification of modulators of EP2 receptor activity are 
useful in treating disease states involving the EP2 receptor activity. 
Other compounds may be useful for stimulating or inhibiting activity of 
the receptor. Selective agonists or antagonists of the EP2 receptor may 
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be of use in the treatment of edema associated with inflammation, pain 
response and fever, and may have utility as modulators of osteoclast 
function and hence bone resorbtion, T and B-lymphocyte function, and 
hence immunilogical reactions, smooth muscle relaxation, including the 
varcular and trachiobronchial networks, and neoplastic and metastatic 
tumor growth. The isolation and purification of an EP2-encoding DN A 
molecule would be useful for establishing the tissue distribution of EP2 
receptors, studying changes in EP2 receptor expression in disease states, 
as well as establishing a process for identifying compounds which 
modulate EP2 receptor activity. 

The following examples are provided for the purpose of 
illustrating the present invention without, however, limiting the same 
thereto. 

EXAMPLE 1 

Cloning of th e EP? cPNA 

A mouse EP2 partial cDNA (680 bp) was obtained by RT-PCR 
from mouse mastocytoma P-815 cell total RNA and cloned. This mouse 
EP2 fragment was used to generate a 32p_ labeled cDNA probe to screen 
a human lung lambda gtlO library (Clontech, Palo Alto, CA) using 
standard techniques (Sambrook et ah . 1989. Molecular Cloning: A 
Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory, Cold 
Spring Harbor, N.Y.). 

From this screening a 1.958 kb cDNA clone was plaque-purified 
and DNA was prepared by the plate lysate method (Sambrook et al .. 
1989. Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring 
Harbor Laboratory, Cold Spring Harbor, N.Y.). 

Subcloning and sequencing of cDNA 

The 1 .958 kb EcoRI fragment (EP2) was subcloned into 
pSK vector (Stratagene, La Jolla, CA) for sequencing using the T7 DNA 
polymerase sequencing kit (Pharmacia). The DNA was sequenced 
entirely on both strands using the KS and SK primers (Stratagene, La 
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Jolla, CA) or primers generated from the determined sequence. The 
nucleotide sequence of EP2 is shown in Table 1 . The amino acid 
sequence for the encoded protein is shown in Table 2. The 1.958 kb 
fragment (EP2; Fig. 1), when sequenced, was found to contain sequence 
homology to the human EP1 , EP3 and thromboxane receptor cDNA &: 
the putative heptahelical arrangement characteristic of G protein-coupled 
receptors was evident. A long open reading frame (1464 bp) was 
determined which would result in a 488 amino acid polypeptide with a 
predicted relative molecular mass of 53,1 15. The ATG assigned as the 
initiator codon matches the Kozak consensus sequence for translation 
initiation (Kozak, 1989 J. Cell. Biol., J08, pp 229-241). There are 388 bp 
of 5 -untranslated sequence including an in frame TGA stop codon 86 bp 
upstream of the predicted start codon. 

EXAMPLE 2 

Construction of pcD NAIamp-EP2 expression vector 

The 1.507 Kb Fspl-Scal human EP2 cDNA fragment was 
subcloned into the EcoRV site of pcDNAlamp and the correct orientation 
was verified by Pst I digestion. 
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TABLE 1 



CGGCACAGCCTCACACCTGAACGCTGTCCTCCCGCAGACGAGACCGGCGGGCACTGCAAA 
GCTGGGACTCGTCTTTGAAGGAAAAAAAATAGCGAGTAAGAAATCCAGCACCATTCTTCA 

5 CTGACCCATCCCGCTGCACCTCTTGTTTCCCAAGTTTTTGAAAGCTGGCAACTCTGACCT 
CGGTGTCCAAAAATCGACAGCCACTGAGACCGGCTTTGAGAAGCCGAAGATTTGGCAGTT 
TCCAGACTGAGCAGGACAAGGTGAAAGCAGGTTGGAGGCGGGTCCAGGACATCTGAGGGC 
TGACCCTGGGGGCTCGTGAGGCTGCCACCGCTGCTGCCGCTACAGACCCAGCCTTGCACT 
CCAAGGCTGCGCACCGCCAGCCACTATCATGTCCACTCCCGGGGTCAATTCGTCCGCCTC 
CTTGAGCCCCGACCGGCTGAACAGCCCAGTGACCATCCCGGCGGTGATGTTCATCTTCGG 
GGTGGTGGGCAACCTGGTGGCCATCGTGGTGCTGTGCAAGTCGCGCAAGGAGCAGAAGGA 

10 GACGACCTTCTACACGCTGGTATGTGGGCTGGCTGTCACCGACCTGTTGGGCACTTTGTT 
GGTGAGCCCGGTGACCATCGCCACGTACATGAAGGGCCAATGGCCCGGGGGCCAGCCGCT 
GTGCGAGTACAGCACCTTCATTCTGCTCTTCTTCAGCCTGTCCGGCCTCAGCATCATCTG 
CGCCATGAGTGTCGAGCGCTACCTGGCCATCAACCATGCCTATTTCTACAGCCACTACGT 
GGACAAGCGATTGGCGGGCCTCACGCTCTTTGCAGTCTATGCGTCCAACGTGCTCTTTTG 
CGCGCTGCCCAACATGGGTCTCGGTAGCTCGCGGCTGCAGTACCCAGACACCTGGTGCTT 
CATCGACTGGACCACCAACGTGACGGCGCACGCCGCCTACTCCTACATGTACGCGGGCTT 
CAGCTCCTTCCTCATTCTCGCCACCGTCCTCTGCAACGTGCTTGTGTGCGGCGCGCTGCT 

15 CCGCATGCACCGCCAGTTCATGCGCCGCACCTCGCTGGGCACCGAGCAGCACCACGCGGC 
CGCGGCCGCCTCGGTTGCCTCCCGGGGCCACCCCGCTGCCTCCCCAGCCTTGCCGCGCCT 
CAGCGACTTTCGGCGCCGCCGGAGCTTCCGCCGCATCGCGGGCGCCGAGATCCAGATGGT 
CATCTTACTCATTGCCACCTCCCTGGTGGTGCTCATCTGCTCCATCCCGCTCGTGGTGCG 
AGTATTCGTCAACCAGTTATATCAGCCAAGTTTGGAGCGAGAAGTCAGTAAAAATCCAGA 
TTTGCAGGCCATCCGAATTGCTTCTGTGAACCCCATCCTAGACCCCTGGATATATATCCT 
CCTGAGAAAGACAGTGCTCAGTAAAGCAATAGAGAAGATCAAATGCCTCTTCTGCCGCAT 

20 TGGCGGGTCCCGCAGGGAGCGCTCCGGACAGCACTGCTCAGACAGTCAAAGGACATCTTC 
TGCCATGTCAGGCCACTCTCGCTCCTTCATCTCCCGGGAGCTGAAGGAGATCAGCAGTAC 
ATCTCAGACCCTCCTGCCAGACCTCTCACTGCCAGACCTCAGTGAAAATGGCCTTGGAGG 
CAGGAATTTGCTTCCAGGTGTGCCTGGCATGGGCCTGGCCCAGGAAGACACCACCTCACT 
GAGGACTTTGCGAATATCAGAGACCTCAGACTCTTCACAGGGTCAGGACTCAGAGAGTGT 
CTTACTGGTGGATGAGGCTGGTGGGAGCGGCAGGGCTGGGCCTGCCCCTAAGGGGAGCTC 
CCTGCAAGTCACATTTCCCAGTGAAACACTGAACTTATCAGAAAAATGTATATAATAGGC 
AAGGAAAGAAATACAGTACTGTTTCTGGACCCTTATAAAATCCTGTGCAATAGACACATA 

2 5 CATGTCAC ATTTAGCTGTGCTCAGAAGGGCTATC ATCA ( SEQ . ID . NO . : 1 ) 
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5 TABLE 2 

MSTPGWSSASLSPDRLNSPVTIPAVMFIFGWGNLVAIVVLCKSRKEQKETTFYTLVCG 
LAVTDLLGTLLVSPVTIATYMKGQWPGGQPLCEYSTFILLFFSLSGLSIICAMSVERYLA 

10 INHAYFYSHYVDKRLAGLTLFAWASNVLFCALP 

HAAYSYMYAGFSSFLILATVLCNVLVCGALLRMHRQFMRRTSLGTEQHHAAAAASVASRG 
HPAAS PALPRLSDFRRRRSFRRI AGAEI QMVI LLIATSLWL I C S I PL WRVFVNQL YQP 
SLEREVSKNPDLQAIRIASVNPILDPWIYILLRKTVLSKAIEKIKCLFCRIGGSRRERSG 
QHCSDSQRTSSAMSGHSRSFISRELKEISSTSQTLLPDLSLPDLSENGLGGRNLLPGVPG 

15 MGLAQEDTTSLRTLRI SETSDS SQGQDSESVLLVDEAGGSGRAGPAPKGS SLQVTFPSET 
LNLSEKCI (SEQ.ID.NO. : 2) 
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EXAMPLE3 

Cloning of the EP2 cDNA into E. coli Expression Vectors 

Recombinant EP2 is produced in E. coli following the 
transfer of the EP2 expression cassette into E. coli expression vectors, 
including but not limited to, the pET series (Novagen). The pET vectors 
place EP2 expression under control of the tightly regulated bacteriophage 
T7 promoter. Following transfer of this construct into an E. coli host 
which contains a chromosomal copy of the T7 RNA polymerase gene 
driven by the inducible lac promoter, expression of EP2 is induced when 
an appropriate lac substrate (EPTG) is added to the culture. The levels of 
expressed EP2 are determined by the assays described above. 

The cDN A encoding the entire open reading frame for EP2 
is inserted into the Ndel site of pET 1 la. Constructs in the positive 
orientation are identified by sequence analysis and used to transform the 
expression host strain BL21. Transformants are then used to inoculate 
cultures for the production of EP2 protein. Cultures may be grown in M9 
or ZB media, whose formulation is known in the art. After growth to an 
approximate OD600= 1.5, expression of EP2 is induced with 1 mM IPTG 
for 3 hours at 37°C. EP2 receptor binding activity will be found in 
membrane fractions from these cells. 

EXAMPLE 4 

In Vivo Translation of Synthetic EP2 mRNA by Xenopus Oocyte 

Microinjection and Expression in Mammalian Cells 

EP2 cDNA constructs are ligated into in vitro transcription 
vectors (the pGEM series, Promega) for the production of synthetic 
mRNAs. 

Synthetic mRNA is produced in sufficient quantity in vitro 
by cloning double stranded DNA encoding EP2 mRNA into a plasmid 
vector containing a bacteriophage promoter, linearizing the plasmid 
vector containing the cloned EP2-encoding DNA, and transcribing the 
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cloned DNA in vitro using a DNA-dependent RNA polymerase from a 
bacteriophage that specifically recognizes the bacteriophage promoter on 
the plasmid vector. 

Various plasmid vectors are available containing a 
bacteriophage promoter recognized by a bacteriophage DNA-dependent 
RNA polymerase, including but not limited to plasmids pSP64, pSP65, 
pSP70, pSP71, pSP72, pSP73, pGEM-3Z, pGEM-4Z, pGEM-3Zf, 
pGEM-5Zf, pGEM-7Zf, pGEM-9Zf, and pGEM-1 lZf, the entire series of 
plasmids is commercially available from Promega. 

The double stranded EP2-encoding DNA is cloned into the 
bacteriophage promoter containing vector in the proper orientation using 
one or more of the available restriction endonuclease cloning sites on the 
vector which are convenient and appropriate for cloning EP2 DNA. The 
vector with the ligated EP2 DNA is used to transform bacteria, and clonal 
isolates are analyzed for the presence of the vector with the EP2 DNA in 
the proper orientation. 

Once a vector containing the EP2-encoding DNA in the 
proper orientation is identified and isolated, it is linearized by cleavage 
with a restriction endonuclease at a site downstream from, and without 
disrupting, the EP2 transcription unit. The linearized plasmid is isolated 
and purified, and used as a template for in vitro transcription of EP2 
mRNA. 

The template DN A is then mixed with bacteriophage - 
specific DNA-dependent RNA polymerase in a reaction mixture which 
allows transcription of the DNA template forming EP2 mRNA. Several 
bacteriophage-specific DNA-dependent RNA polymerases are available, 
including but not limited to T3, T7, and SP6 RNA polymerase. The 
synthetic EP2 mRNA is then isolated and purified. 

It may be advantageous to synthesize mRNA containing a 5' 
terminal cap structure and a 3' poly A tail to improve mRNA stability. A 
cap structure, or 7-methylguanosine, may be incorporated at the 
5'terminus of the mRNA by simply adding 7-methylguanosine to the 
reaction mixture with the DNA template. The DNA-dependent RNA 
polymerase incorporates the cap structure at the 5' terminus as it 
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synthesizes the mRNA. The poly A tail is found naturally occurring in 
many cDNAs but can be added to the 3* terminus of the mRNA by simply 
inserting a poly A tail-encoding DNA sequence at the 3' end of the DNA 
template. 

The isolated and purified EP2 mRNA is translated using 
either a cell-free system, including but not limited to rabbit reticulocyte 
lysate and wheat germ extracts (both commercially available from 
Promega and New England Nuclear) or in a cell based system, including 
but not limited to microinjection into Xenopus oocytes, with 
microinjection into Xenopus oocytes being preferred. 

Xenopus oocytes are micro injected with a sufficient amount 
of synthetic EP2 mRNA to produce feP2 protein. Hie microinjected 
oocytes are incubated to allow translation of the EP2 mRNA, forming 
EP2 protein. 

These synthetic mRNAs are injected into Xenopus oocytes 
(stage 5 -6) by standard procedures [Gurdon, J.B. and Wickens, M.D. 
Methods in Enzymol. 101: 370-386, (1983)]. Oocytes are harvested and 
analyzed for EP2 expression as described below. 

EXAMPLES 

pcDNAIamp-EP2 expression in Xenopus oocytes 

Oocytes were taken from adult females of Xenopus laevis 
using standard surgical procedure (Colman, A., 1984 In: Transcription 
and Translation - A Practical Approach, IRL Press). To remove follicle 
cells, oocytes were treated for 2-3 h with freshly made collagenase (2 
mg/ml, type 2, Worthington Biochemical Corp., Freehold, NJ) in Ca^+- 
free ND96 solution (ND96 in mM: NaCl 96, KC1 2, MgCl2 1 , HEPES 5, 
Na-pyruvate 2.5, theophylline 0.5, gentamicin 50 mg/ml, +1.8 CaCl2, pH 
7.6). Defolliculated stage 5-6 oocytes were selected and maintained in 
ND96 solution. Oocyte nuclei were injected with 1 .6 ng of pcDNAIamp- 
EP2 plus 2.5 ng of pcDNAIamp-CFTR and then incubated at 18°C for 48 
h before challenge with agonist. CFTR (cystic fibrosis transmembrane 
regulator, a cAMP dependent CI" channel) was co-expressed with EP2 
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receptor in these oocytes and served as a reporter of changes in 
intracellular cAMP levels. Functional activity was determined by 
measurement of PGE2-induced CFTR -mediated CI" current. An oocyte 
was placed in a 0.5 ml perfusion chamber and voltage clamped at -60 mV 
(with microelectrodes of 0.5-2,0 MW resistance filled with 3 M KC1) 
using a Turbo TEC 01 C amplifier (NP1 Instruments, Germany). Ligand- 
containing solution was perfused and the cuiTent response was recorded. 

Perfusion of 1 nM PGE2 agonist, resulted in prominent 
current responses in oocytes injected with pcDNAIamp-EP2 plus 
pcDNAIamp-CFTR confirming that this clone encodes a functional EP2 
receptor that is coupled to the cAMP signalling pathway (Figure 3). The 
response to 1 jiM PGF2ct was much smaller as expected for the EP2 
receptor subtype. Such responses were absent in control (CFTR alone or 
CFTR plus antisense EP2 cDNA injected) oocytes (Figure 4). This rank 
order of potency is consistent with that reported for the EP2 receptor 
[Coleman, gt al., 1991]. 

EXAMPLE 6 

Cloning of EP2 cDNA into a Mammalian Expression Vector 

EP2 cDNA expression cassettes are ligated at appropriate 
restriction endonuclease sites to the following vectors containing strong, 
universal mammalian promoters: pBC12BI [Cullen, B.R. Methods in 
Enzymol. 152: 684-704 1988], and pEE12 (CellTech EP O 338,841) and 
its derivatives pSZ9016-l and p9019. p901 9 represents the construction 
of a mammalian expression vector containing the hCMVTE promoter, 
polylinker and SV40 poIyA element with a selectable 
marker/amplification system comprised of a mutant gene for 
dihydrofolate reductase (mDHFR) (Simonsen, C.C. and Levinson, A. D. 
Proc. Natl. Acad. Sci USA 80: 2495-2499 [1983]) driven by the SV40 
early promoter. An S V40 polyadenylation sequence is generated by a 
PCR reaction defined by primers 13978-120 and 139778-121 using pD5 
(Berker and Sharp, Nucl. Acid Res. 13: 841-857 [1985]) as template. 
The resulting 0.25 Kb PCR product is digested with Clal and Spel and 
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ligated into the 6.7 Kb fragment of pEE12 which had been likewise 
digested. The resultant plasmid is digested with Bglll and Sfil to liberate 
the 3' portion of the S V40 early promoter and the GScDNA from the 
vector. A 0.73 Kb Sfil-XhoII fragment isolated from plasmid pFR400 

5 (Simonsen, C.C. and Levinson, A. D. Proc. Natl. Acad. Sci USA 80: 
2495-2499 [1983]) is ligated to the 5.6 Kb vector described above, 
reconstituting the SV40 early promoter, and inserting the mdHFR gene. 
This plasmid is designated p9019. pSZ9016-l is identical to p9019 
except for the substitution of the HIV LTR for the huCMVTE promoter. 

10 This vector is constructed by digesting p9019 with Xbal and Mlul to 
remove the huCMVIE promoter. The HIV LTR promoter, from residue 
-1 17 to +80 (as found in the vector pCD23 containing the portion of the 
HIV-1 LTR (Cullen, Cell 46:973 [1986]) is PCR amplified from the 
plasmid pCD23 using oligonucleotide primers which appended to the 

15 ends of the product the Mlul and Spel restriction sites on the 5' side while 
Hind HI and Xba I sites are appended on the 3' side. Following the 
digestion of the resulting 0.2 kb PCR product with the enzymes Mlul and 
Xba I the fragment is agarose gel-purified and ligated into the 4.3 Kb 
promoterless DNA fragment to generate the vector pSZ9016-l. 

20 Cassettes containing the EP2 cDNA in the positive 

orientation with respect to the promoter are ligated into appropriate 
restriction sites 3' of the promoter and identified by restriction site 
mapping and/or sequencing. These cDNA expression vectors are 
introduced into various host cells including, but not limited to: COS-7 

25 (ATCC# CRL1651), CV-1 [Sackevitz et al., Science 238: 1575 (1987)], 
293, L cells (ATCC# CRL6362)] by standard methods including but not 
limited to electroporation,or chemical procedures (cationic liposomes, 
DEAE dextran, calcium phosphate). Transfected cells and ceil culture 
extracts can be harvested and analyzed for EP2 expression as described 

30 below. 

All of the vectors used for mammalian transient expression 
can be used to establish stable cell lines expressing EP2. Unaltered EP2 
cDNA constructs cloned into expression vectors will be expected to 
program host cells to make intracellular EP2 protein. The transfection 
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host cells include, but are not limited to, CV-1 [Sackevitz et aL, Science 
238: 1575 (1987)], tk-L [Wigler, et ah Cell 1 1: 223 (1977)], NS/0, and 
dHFr-CHO [Kaufinan and Sharp, J. Mol. Biol. I5£: 601, (1982)]. 

Co-transfection of any vector containing EP2 cDNA with a 
drug selection plasmid including, but not limited to G41 8, 
aminoglycoside phosphotransferase, pLNCX [Miller, A.D. and Rosman 
G. J. Biotech News 7: 980-990 (1989)]; hygromycin, hygromycin-B 
phosphotransferase, pLG90 [Gritz. L. and Davies, J., GENE 25: 179 
(1983)] ; APRT, xanthine-guanine phosphoribosyl -transferase, pMAM 
(Clontech) [Murray, et ah, Gene 31: 233 (1984)] will allow for the 
selection of stably transfected clones. Levels of EP2 are quantitated by 
the assays described above. 

EP2 cDNA constructs are ligated into vectors containing 
amplifiable drug-resistance markers for the production of mammalian cell 
clones synthesizing the highest possible levels of EP2. Following 
introduction of these constructs into cells, clones containing the plasmid 
are selected with the appropriate agent, and isolation of an over- 
expressing clone with a high copy number of the plasmid is accomplished 
by selection in increasing doses of the agent. The following systems are 
utilized: the 901 6 or the 9019 plasmid containing the mutant DHFR 
gene [Simonson, C. and Levinson, A., Proc. Natl. Acad. Sci. USA 80: 
2495 (1983)], transfected into DHFR- CHO cells and selected in 
methotrexate; the pEE12 plasmid containing the glutamine synthetase 
gene, transfected into NS/O cells and selected in methionine sulfoximine 
(CellTech International Patent Application 2089/10404); and 9016 or 
other CMV promoter vectors, co-transfected with pDLAT-3 containing 
the thymidine kinase gene [Colbere and Garopin, F., Proc. Natl. Acad. 
Sci. 76: 3755 (1979)] in APRT and TK deficient L cells, selected in 
APRT (0.05 mM azaserine, 0. 1 mM adenine, 4 ug/ml adenosine) and 
amplified with HAT (100 uM hypoxanthine, 0.4 uM aminopterin, 16 uM 
thymidine). 
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EXAMPLE 7 

Expression of the EP2 receptor in COS-M6 cells and [3h]PGE2 binding 
assays 

The recently cloned human prostaglandin E2 (EP2) receptor was 
subcloned into the pcDNAlamp plasmid (Invitrogen) and transfected 
into COS-M6 cells using the DEAE-dextran method. The cells were 
maintained in culture for 72 h, then harvested and membranes prepared 
by differential centrifugation (1000 x g for 10 min, then 100,000 x g for 
30 min) following lysis of the cells by nitrogen cavitation. 
[3H]Prostaglandin E2 ([3HJPGE2) binding assays were performed in 10 
mM MES/KOH pH 6.0, containing 1.0 mM EDTA, 10 mM MnCl2, 0.3 
nM [3H]PGE2 and 12-15 |ig of protein from the 100,000 x g membrane 
fraction. Incubations were conducted for 45 min at 30°C prior to 
separation of the bound and free radioligand by rapid filtration through 
Whatman GF/B filters presoaked at 4°C in washing buffer (10 |iM 
MES/KOH (pH 6.0) containing 0.01% bovine serum albumin). The filters 
were washed with approximately 1 6 ml of washing buffer and the 
residual [3H]PGE2 bound to the filter was quantified by liquid 
scintillation counting. Specific binding was defined as the difference 
between total binding and non-specific binding, determined in the 
presence of 2 |iM PGE2. 

The cloned human EP2 receptor was transfected into COS- 
M6 cells and [3H]PGE2 binding assays were performed with membranes 
prepared from the transfected cells. In competition assays PGE2 and 
PGE1 were the most potent competing ligands with IC50 values of 1 nM 
(Figure 5). The rank order of potency for prostaglandins and related 
analogs was: PGE2 = PGE1 » phenyl-trinor PGE2 > iloprost > PGF2oc 
> PGD2 - U46619. U46619 and iloprost are stable analogs of 
thromboxane and prostacyclin and display comparable potency at the TP 
and IP receptors, respectively. In addition, the EP3 agonist MB28767 
was approximately 30-fold less potent at EP2 than EP3, the EP1 
antagonist AH6809 and SCI 9220 were essentially inactive at EP2 and 
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butaprost, an EP2 agonist was also relatively inactive with an IC50 of 30 
(iM. Misoprostol, a gastrointestinal protective agent had an IC50 of 6.03 
|iM. This rank order of potency has been predicted for the EP2 receptor 
from previous pharmacological studies. 

EXAMPLE 8 

Cloning of EP2 cDNA into a Baculovirus Expression Vector for 
Expression in Insect Cells __ 

Baculovirus vectors, which are derived from the genome of 
the AcNPV virus, are designed to provide high ievel expression of cDNA 
in the Sf9 line of insect cells (ATCC CRL# 1711). Recombinant 
baculoviruses expressing EP2 cDNA are produced by the following 
standard methods (In Vitrei en Maxbac Manual): the EP2 cDNA 
constructs are ligated downstream of the polyhedrin promoter in a variety 
of baculovirus transfer vectors, including the pAC360 and the pBlueBac 
vector (InVitrogen). Recombinant baculoviruses are generated by 
homologous recombination follow ing co-transfection of the baculovirus 
transfer vector and linearized AcNPV genomic DNA [Kitts, P.A., Nuc. 
Acid. Res. 18: 5667 (1990)] into Sf9 cells. Recombinant pAC360 viruses 
are identified by the absence of inclusion bodies in infected cells 
(Summers, M. D. and Smith, G. E., Texas Agriculture Exp. Station 
Bulletin No. 1555) and recombinant pBlueBac viruses are identified on 
the basis of P-galactosidase expr: :>ion (Vialard, et al. 1990, J. Virol., 64, 
pp 37-50). Following plaque purification and infection of sf9 cells with 
EP2 recombinant baculovirus, EP2 expression is measured by the assays 
described above. 

The cDNA encoding the entire open reading frame for EP2 
is inserted into the BamHI site of pBlueBacIl. Constructs in the positive 
orientation with respect to the polyhedrin promoter are identified by 
sequence analysis and used to transfect Sf9 cells in the presence of linear 
AcNPV wild type DNA. 
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Authentic, active EP2 is found associated with the 
membranes of infected cells. Membrane preparations are prepared from 
infected cells by standard procedures. 

EXAMPLE 9 

Cloning of EP2 cDNA into a yeast expression vector 

Recombinant EP2 is produced in the yeast S. cerevisiae 
following the insertion of the optimal EP2 cDNA construct into 
expression vectors designed to direct the intracellular expression of 
heterologous proteins. For intracellular expression, vectors such as 
EmBLyex4 or the like are ligated to the EP2 cistron [Rinas, U. et a]., 
Biotechnology 8: 543-545 (1990); Horowitz B. et al, J. Biol. Chem. 265: 
4189-4192 (1989)]. The levels of expressed EP2 are determined by the 
assays described above. 

EXAMPLE 10 

Purification of Recombinant EP2 

Recombinantly produced EP2 may be purified by antibody 
affinity chromatography. 

EP2 antibody affinity columns are made by adding the anti- 
EP2 antibodies to Affigel-10 (Biorad), a gel support which is pre- 
activated with N -hydroxy succinimide esters such that the antibodies form 
covalent linkages with the agarose gel bead support. The antibodies are 
then coupled to the gel via amide bonds with the spacer arm. The 
remaining activated esters are then quenched with 1M ethanolamine HC1 
(pH 8). The column is washed with water followed by 0.23 M glycine 
HC1 (pH 2.6) to remove any non-conjugated antibody or extraneous 
protein. The column is then equilibrated in phosphate buffered saline 
(pH 7.3) together with appropriate membrane solubilizing agents such as 
detergents and the cell culture supernatants or cell extracts containing 
solubilized EP2 is slowly passed through the column. The column is then 
washed with phosphate- buffered saline together with detergents until the 
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optical density (A280) falls to background, then the protein is eluted with 
0.23 M glycine-HCl (pH 2.6) together with detergents. The purified EP2 
protein is then dialyzed against phosphate buffered saline together with 
detergents. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: ABRAMOVITZ, MARK 
ADAM, MOHAMMED 
BASTIEN, LISON 
GRYGORCZYK, RICHARD 
METTERS , KATHLEEN 
RUSHMORE, THOMAS H. 
SAWYER, NICOLE 

(ii) TITLE OF INVENTION: DNA ENCODING PROSTAGLANDIN RECEPTOR EP2 
(iii) NUMBER OF SEQUENCES: 2 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: JOHN WALL EN 

(B) STREET: P.O. BOX 2000, 126 E. LINCOLN AVE. 

(C) CITY: RAHWAY 

(D) STATE: NJ 

(E) COUNTRY: USA 

(F) ZIP : 07065 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

<vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/115,365 . 

(B) FILING DATE: 31-AUG-1993 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION : 

(A) NAME: W ALLEN III, JOHN W. 

(B) REGISTRATION NUMBER: 35,403 

(C) REFERENCE/ DOCKET NUMBER: 19066 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: 908-594-3905 



(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1958 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



CGGCACAGCC 


TCACACCTGA 


ACGCTGTCCT 


CCCGCAGACG 


AGACCGGCGG 


GCACTGCAAA 


60 


GCTGGGACTC 


GTCTTTGAAG 


GAAAAAAAAT 


AGCGAGTAAG 


AAATCCAGCA 


CCATTCTTCA 


120 


CTGACCCATC 


CCGCTGCACC 


TCTTGTTTCC 


CAAGTTTTTG 


AAAGCTGGCA 


ACTCTGACCT 


180 


CGGTGTCCAA 


AAATCGACAG 


CCACTGAGAC 


CGGCTTTGAG 


AAGCCGAAGA 


TTTGGCAGTT 


240 


TCCAGACTGA 


GCAGGACAAG 


GTGAAAGCAG 


GTTGGAGGCG 


GGTCCAGGAC 


ATCTGAGGGC 


300 


TGACCCTGGG 


GGCTCGTGAG 


GCTGCCACCG 


CTGCTGCCGC 


TACAGACCCA 


GCCTTGCACT 


360 


CCAAGGCTGC 


GCACCGCCAG 


CCACTATCAT 


GTCCACTCCC 


GGGGTCAATT 


CGTCCGCCTC 


420 


CTTGAGCCCC 


GACCGGCTGA 


ACAGCCCAGT 


GACCATCCCG 


GCGGTGATGT 


TCATCTTCGG 


480 


GGTGGTGGGC 


AACCTGGTGG 


CCATCGTGGT 


GCTGTGCAAG 


TCGCGCAAGG 


AGCAGAAGGA 


540 


GACGACCTTC 


TACACGCTGG 


TATGTGGGCT 


GGCTGTCACC 


GACCTGTTGG 


GCACTTTGTT 


600 


GGTGAGCCCG 


GTGACCATCG 


CCACGTACAT 


GAAGGGCCAA 


TGGCCCGGGG 


GCCAGCCGCT 


660 


GTGCGAGTAC 


AGCACCTTCA 


TTCTGCTCTT 


CTTCAGCCTG 


TCCGGCCTCA 


GCATCATCTG 


720 


CGCCATGAGT 


GTCGAGCGCT 


ACCTGGCCAT 


CAACCATGCC 


TATTTCTACA 


GCCACTACGT 


780 


GGACAAGCGA 


TTGGCGGGCC 


TCACGCTCTT 


TGCAGTCTAT 


GCGTCCAACG 


TGCTCTTTTG 


840 


CGCGCTGCCC 


AACATGGGTC 


TCGGTAGCTC 


GCGGCTGCAG 


TACCCAGACA 


CCTGGTGCTT 


900 


CATCGACTGG 


ACCACCAACG 


TGACGGCGCA 


CGCCGCCTAC 


TCCTACATGT 


ACGCGGGCTT 


960 


CAGCTCCTTC 


CTCATTCTCG 


CCACCGTCCT 


CTGCAACGTG 


CTTGTGTGCG 


GCGCGCTGCT 


1020 


CCGCATGCAC 


CGCCAGTTCA 


TGCGCCGCAC 


CTCGCTGGGC 


ACCGAGCAGC 


ACCACGCGGC 


1080 


CGCGGCCGCC 


TCGGTTGCCT 


CCCGGGGCCA 


CCCCGCTGCC 


TCCCCAGCCT 


TGCCGCGCCT 


1140 


CAGCGACTTT 


CGGCGCCGCC 


GGAGCTTCCG 


CCGCATCGCG 


GGCGCCGAGA 


TCCAGATGGT 


1200 


CATCTTACTC 


ATTGCCACCT 


CCCTGGTGGT 


GCTCATCTGC 


TCCATCCCGC 


TCGTGGTGCG 


1260 


AGTATTCGTC 


AACCAGTTAT 


ATCAGCCAAG 


TTTGGAGCGA 


GAAGTCAGTA 


AAAATCCAGA 


1320 


TTTGCAGGCC 


ATCCGAATTG 


CTTCTGTGAA 


CCCCATCCTA 


GACCCCTGGA 


TATATATCCT 


1380 


CCTGAGAAAG 


ACAGTGCTCA 


GTAAAGCAAT 


AGAGAAGATC 


AAATGCCTCT 


TCTGCCGCAT 


1440 


TGGCGGGTCC 


CGCAGGGAGC 


GCTCCGGACA 


GCACTGCTCA 


GACAGTCAAA 


GGACATCTTC 


1500 
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TGCCATGTCA GGCCACTCTC GCTCCTTCAT CTCC CGGGAG CTGAAGGAGA TCAGCAGTAC 1560 

ATCTCAGACC CTCCTGCCAG ACCTCTCACT GCCAGACCTC AGTGAAAATG GCCTTGGAGG 1620 

CAGGAATTTG CTTCCAGGTG TGCCTGGCAT GGGCCTGGCC CAGGAAGACA CCACCTCACT 1680 

GAGGACTTTG CGAATATCAG AGACCTCAGA CTCTTCACAG GGTCAGGACT CAGAGAGTGT 1740 

CTTACTGGTG GATGAGGCTG GTGGGAGCGG CAGGGCTGGG CCTGCCCCTA AGGGGAGCTC 1800 

CCTGCAAGTC ACATTTCCCA GTGAAACACT GAACTTATCA GAAAAATGTA TATAATAGGC 1860 

AAGGAAAGAA ATACAGTACT GTTTCTGGAC CCTTATAAAA TCCTGTGCAA TAGACACATA 1920 

CATGTCACAT TTAGCTGTGC TCAGAAGGGC TATCATCA 1958 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 488 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Ser Thr Pro Gly Val Asn Ser Ser Ala Ser Leu Ser Pro Asp Arg 
1 5 10 15 

Leu Asn Ser Pro Val Thr He Pro Ala Val Met Phe He Phe Gly Val 
20 25 30 

Val Gly Asn Leu Val Ala He Val Val Leu Cys Lys Ser Arg Lys Glu 
35 40 45 

Gin Lys Glu Thr Thr Phe Tyr Thr Leu Val Cys Gly Leu Ala Val Thr 
50 55 60 

Asp Leu Leu Gly Thr Leu Leu Val Ser Pro Val Thr Jle Ala Thr Tyr 
65 70 75 80 

Met Lys Gly Gin Trp Pro Gly Gly Gin Pro Leu Cys Glu Tyr Ser Thr 
85 90 95 

Phe He Leu Leu Phe Phe Ser Leu Ser Gly Leu Ser He He Cys Ala 
100 105 no 

Met Ser Val Glu Arg Tyr Leu Ala He Asn His Ala Tyr Phe Tyr Ser 
115 120 125 



WO 95/06664 



PCT/CA94/00470 



- 31 - 



His Tyr Val Asp Lys Arg Leu Ala Gly Leu Thr Leu Phe Ala Val Tyr 
130 135 140 

Ala Ser Asn Val Leu Phe Cys Ala Leu Pro Asn Met Gly Leu Gly Ser 
145 150 155 160 

Ser Arg Leu Gin Tyr Pro Asp Thr Trp Cys Phe lie Asp Trp Thr Thr 
165 170 175 

Asn Val Thr Ala His Ala Ala Tyr Ser Tyr Met Tyr Ala Gly Phe Ser 
180 185 190 

Ser Phe Leu lie Leu Ala Thr Val Leu Cys Asn Val Leu Val Cys Gly 
195 200 205 

Ala Leu Leu Arg Met His Arg Gin Phe Met Arg Arg Thr Ser Leu Gly 
210 215 220 

Thr Glu Gin His His Ala Ala Ala Ala Ala Ser Val Ala Ser Arg Gly 
225 230 235 240 

His Pro Ala Ala Ser Pro Ala Leu Pro Arg Leu Ser Asp Phe Arg Arg 
245 250 * 255 

Arg Arg Ser Phe Arg Arg He Ala Gly Ala Glu He Gin Met Val He 
260 265 270 

Leu Leu He Ala Thr Ser Leu Val Val Leu He Cys Ser He Pro Leu 
275 280 285 

Val Val Arg Val Phe Val Asn Gin Leu Tyr Gin Pro Ser Leu Glu Arg 
290 295 300 

Glu Val Ser Lys Asn Pro Asp Leu Gin Ala lie Arg He Ala Ser Val 
305 310 315 320 

Asn Pro lie Leu Asp Pro Trp He Tyr He Leu Leu Arg Lys Thr Val 
325 330 335 

Leu Ser Lys Ala He Glu Lys He Lys Cys Leu Phe Cys Arg He Gly 
340 345 350 

Gly Ser Arg Arg Glu Arg Ser Gly Gin His Cys Ser Asp Ser Gin Arg 
355 360 365 

Thr Ser Ser Ala Met Ser Gly His Ser Arg Ser Phe He Ser Arg Glu 
370 375 380 

Leu Lys Glu He Ser Ser Thr Ser Gin Thr Leu Leu Pro Asp Leu Ser 
385 390 395 * 400 

Leu Pro Asp Leu Ser Glu Asn Gly Leu Gly Gly Arg Asn Leu Leu Pro 
405 410 415 
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Gly Val Pro Gly Met Gly Leu Ala Gin Glu Asp Thr Thr Ser Leu Arg 
420 425 430 

Thr Leu Arg lie Ser Glu Thr Ser Asp Ser Ser Gin Gly Gin Asp Ser 
435 440 445 

Glu Ser Val Leu Leu Val Asp Glu Ala Gly Gly Ser Gly Arg Ala Gly 
450 455 460 

Pro Ala Pro Lys Gly Ser Ser Leu Gin Val Thr Phe Pro Ser Glu Thr 
465 470 475 480 

Leu Asn Leu Ser Glu Lys Cys lie 
485 
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WHAT IS CLAIMED IS: 

1) . An isolated and purified prostaglandin EP2 receptor 
wherein said receptor specifically binds prostaglandin. 

2) . The isolated and purified prostaglandin receptor 
protein of Claim 1 wherein said protein is characterized by the amino 
acid sequence 

MSTPGVNSSASLSPDRLNSPVTIPAVMFIFGWGNLVAIVVLCKSRKEQKETTFYTLVCG 
LAVTDLLGTLLVS PVTI ATYMKGQWPGGQPLCEYSTFI LLFFSLS GLS I ICAMSVERYLA 
INHAYFYSHYVDKRLAGLTLFAWASNVLFCALPmG 
HAAYS YMYAGF S SFLI LATVIjCNVLVCGALLRMHRQ 

H PAAS PAL PRL SDFRRRRS FRRI AG AE I QMVI LLI ATS LWLIC S I PL WRVFVNQL YQ P 
SLEREVSKNPDLQAIRIASVNPILDPWIYILLRKTVLSKAIEKIKCLFCRIGGSRRERSG 
QHCSDSQRTSSAMSGHSRSFISRELKEISSTSQTLLPDLSLPDLSENGLGGRNLLPGVPG 
MGLAQEDTTSLRTLRISETSDSSQGQDSESVLLVDEAGGSGRAGPAPKGSSLQVTFPSET 
LNLSEKCI ( SEQ . ID. NO. : 2 ) . 

3) . An isolated and purified DNA molecule encoding a 
prostaglandin receptor protein wherein said protein is characterized by 
the amino acid sequence of Claim 2. 

4) . An isolated and purified DNA molecule encoding a 
prostaglandin receptor protein wherein said DNA molecule is 
characterized by the nucleotide sequence 

CGGCACAGCCTCACACCTGAACGCTGTCCTCCCGCAGACGAGACCGGCGGGCACTGCAAA 
GCTGGGACTCGTCTTTGAAGGAAAAAAAATAGCGAGTAAGAAATCCAGCACCATTCTTCA 
CTGACCCATCCCGCTGCACCTCTTGTTTCCCAAGTTTTTGAAAGCTGGCAACTCTGACCT 
CGGTGTCCAAAAATCGACAGCCACTGAGACCGGCTTTGAGAAGCCGAAGATTTGGCAGTT 
TCCAGACTGAGCAGGACAAGGTGAAAGCAGGTTGGAGGCGGGTCCAGGACATCTGAGGGC 
TGACCCTGGGGGCTCGTGAGGCTGCCACCGCTGCTGCCGCTACAGACCCAGCCTTGCACT 
CCAAGGCTGCGCACCGCCAGCCACTATCATGTCCACTCCCGGGGTCAATTCGTCCGCCTC 
CTTGAGCCCCGACCGGCTGAACAGCCCAGTGACCATCCCGGCGGTGATGTTCATCTTCGG 
GGTGGTGGGCAACCTGGTGGCCATCGTGGTGCTGTGCAAGTCGCGCAAGGAGCAGAAGGA 
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GACGACCTTCTACACGCTGGTATGTGGGCTGGCTGTCACCGACCTGTTGGGCACTTTGTT 
GGTGAGCCCGGTGACCATCGCCACGTACATGAAGGGCCAATGGCCCGGGGGCCAGCCGCT 
GTGCGAGTACAGCACCTTCATTCTGCTCTTCTTCAGCCTGTCCGGCCTCAGCATCATCTG 
CGCCATGAGTGTCGAGCGCTACCTGGCCATCAACCATGCCTATTTCTACAGCCACTACGT 
GGACAAGCGATTGGCGGGCCTCACGCTCTTTGCAGTCTATGCGTCCAACGTGCTCTTTTG 
CGCGCTGCCCAACATGGGTCTCGGTAGCTCGCGGCTGCAGTACCCAGACACCTGGTGCTT 
5 CATCGACTGGACCACCAACGTGACGGCGCACGCCGCCTACTCCTACATGTACGCGGGCTT 
CAGCTCCTTCCTCATTCTCGCCACCGTCCTCTGCAACGTGCTTGTGTGCGGCGCGCTGCT 
CCGCATGCACCGCCAGTTCATGCGCCGCACCTCGCTGGGCACCGAGCAGCACCACGCGGC 
CGCGGCCGCCTCGGTTGCCTCCCGGGGCCACCCCGCTGCCTCCCCAGCCTTGCCGCGCCT 
CAGCGACTTTCGGCGCCGCCGGAGCTTCCGCCGCATCGCGGGCGCCGAGATCCAGATGGT 
CATCTTACTCATTGCCACCTCCCTGGTGGTGCTCATCTGCTCCATCCCGCTCGTGGTGCG 
AGTATTCGTCAACCAGTTATATCAGCCAAGTTTGGAGCGAGAAGTCAGTAAAAATCCAGA 
10 TTTGCAGGCCATCCGAATTGCTTCTGTGAACCCCATCCTAGACCCCTGGATATATATCCT 
CCTGAGAAAGACAGTGCTCAGTAAAGCAATAGAGAAGATCAAATGCCTCTTCTGCCGCAT 
TGGCGGGTCCCGCAGGGAGCGCTCCGGACAGCACTGCTCAGACAGTCAAAGGACATCTTC 
TGCCATGTCAGGCCACTCTCGCTCCTTCATCTCCCGGGAGCTGAAGGAGATCAGCAGTAC 
ATCTCAGACCCTCCTGCCAGACCTCTCACTGCCAGACCTCAGTGAAAATGGCCTTGGAGG 
CAGGAATTTGCTTCCAGGTGTGCCTGGCATGGGCCTGGCCCAGGAAGACACCACCTCACT 
G AGG AG TTTGCG AATATC AG AG AC C TC AG AC TCTTC AC AGG G TC AGG AC TC AG AG AG TG T 
CTTACTGGTGGATGAGGCTGGTGGGAGCGGCAGGGCTGGGCCTGCCCCTAAGGGGAGCTC 
CCTGCAAGTCACATTTCCCAGTGAAACACTGAACTTATCAGAAAAATGTATATAATAGGC 
AAGG AAAG AAATAC AGTACTG TTTC TGG ACCC TTATAAAATC C TG TGC AATAG AC AC ATA 
CATGTCACATTTAGCTGTGCTCAGAAGGGCTATCATCA (SEQ.ID.NO.: 1) . 
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5) . An expression vector for the expression of a 
prostaglandin receptor protein in a recombinant host cell wherein said 
expression vector contains the DNA molecule of Claim 4. 

6) , A host cell which expresses a recombinant 
prostaglandin receptor protein wherein said host cell contains the 
expression vector of claim 5. 

7) . A process for the expression of a prostaglandin 
receptor protein in a recombinant host cell, comprising: 

(a) transferring the expression vector of claim 5 into a 
suitable host cell; and 

(b) culturing the host cells of step (a) under conditions 
which allow expression of the prostaglandin receptor 
protein from the expression vector. 
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8). A method of identifying modulators of a 
prostaglandin receptor activity, comprising: 

(a) combining a modulator of prostaglandin receptor 
activity, with a prostaglandin receptor wherein said 
receptor is characterized by the amino acid sequence 
of Claim 2 in whole or in part; and 

(b) measuring the effect of a modulator on the 
prostaglandin receptor. 



9). An antibody which specifically binds to a 
prostaglandin receptor protein wherein said protein is characterized by 
the amino acid sequence of Claim 1 . 
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CGGCACAGCCTCACACCTGAACGCTGTCCTCCCGCAGACG 
AGACCGGCGGGCACTGCAAAGCTGGGACTCGTCTTTGAAG 
GAAAAAAAATAGCGAGTAAGAAATCCAGCACCATTCTTCA 
CTGACCCATCCCGCTGCACCTCTTGTTTCCCAAGTTTTTG 
AAAGCTGGCAACTCTGACCTCGGTGTCCAAAAATCGACAG 
CCACTGAGACCGGCTTTGAGAAGCCGAAGATTTGGCAGTT 
TCCAGACTGAGCAGGACAAGGTGAAAGCAGGTTGGAGGCG 
GGTCCAGGACATCTGAGGGCTGACCCTGGGGGCTCGTGAG 
GCTGCCACCGCTGCTGCCGCTACAGACCCAGCCTTGCACT 
CCAAGGCTGCGCACCGCCAGCCACTATCATGTCCACTCCC 
GGGGTCAATTCGTCCGCCTCCTTGAGCCCCGACCGGCTGA 
ACAGCCCAGTGACCATCCCGGCGGTGATGTTCATCTTCGG 
GGTGGTGGGCAACCTGGTGGCCATCGTGGTGCTGTGCAAG 
TCGCGCAAGGAGCAGAAGGAGACGACCTTCTACACGCTGG 
TATGTGGGCTGGCTGTCACCGACCTGTTGGGCACTTTGTT 
GGTGAGCCCGGTGACCATCGCCACGTACATGAAGGGCCAA 
TGGCCCGGGGGCCAGCCGCTGTGCGAGTACAGCACCTTCA 
TTCTGCTCTTCTTCAGCCTGTCCGGCCTCAGCATCATCTG 
CGCCATGAGTGTCGAGCGCTACCTGGCCATCAACCATGCC 
TATTTCTACAGCCACTACGTGGACAAGCGATTGGCGGGCC 
TCACGCTCTTTGCAGTCTATGCGTCCAACGTGCTCTTTTG 
CGCGCTGCCCAACATGGGTCTCGGTAGCTCGCGGCTGCAG 
TACCCAGACACCTGGTGCTTCATCGACTGGACCACCAACG 
TGACGGCGCACGCCGCCTACTCCTACATGTACGCGGGCTT 
CAGCTCCTTCCTCATTCTCGCCACCGTCCTCTGCAACGTG 
CTTGTGTGCGGCGCGCTGCTCCGCATGCACCGCCAGTTCA 
TGCGCCGCACCTCGCTGGGCACCGAGCAGCACCACGCGGC 
CGCGGCCGCCTCGGTTGCCTCCCGGGGCCACCCCGCTGCC 
TCCCCAGCCTTGCCGCGCCTCAGCGACTTTCGGCGCCGCC 
GGAGCTTCCGCCGCATCGCGGGCGCCGAGATCCAGATGGT 

FIG. 1A ■ 
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CATCTTACTCATTGCCACCTCCCTGGTGGTGCTCATCTGC 

TCCATCCCGCTCGTGGTGCGAGTATTCGTCAACCAGTTAT 

ATCAGCCAAGTTTGGAGCGAGAAGTCAGTAAAAATCCAGA 

TTTGCAGGCCATCCGAATTGCTTCTGTGAACCCCATCCTA 

GACCCCTGGATATATATCCTCCTGAGAAAGACAGTGCTCA 

GTAAAGCAATAGAGAAGATCAAATGCCTCTTCTGCCGCAT 

TGGCGGGTCCCGCAGGGAGCGCTCCGGACAGCACTGCTCA 

GACAGTCAAAGGACATCTTCTGCCATGTCAGGCCACTCTC 

GCTCCTTCATCTCCCGGGAGCTGAAGGAGATCAGCAGTAC 

ATCTCAGACCCTCCTGCCAGACCTCTCACTGCCAGACCTC 

AGTGAAAATGGCCTTGGAGGCAGGAATTTGCTTCCAGGTG 

TGCCTGGCATGGGCCTGGCCCAGGAAGACACCACCTCACT 

GAGGACTTTGCGAATATCAGAGACCTCAGACTCTTCACAG 

GGTCAGGACTCAGAGAGTGTCTTACTGGTGGATGAGGCTG 

GTGGGAGCGGCAGGGCTGGGCCTGCCCCTAAGGGGAGCTC 

CCTGCAAGTCACATTTCCCAGTGAAACACTGAACTTATCA 

GAAAAATGTATATAATAGGCAAGGAAAGAAATACAGTACT 

GTTTCTGGACCCTTATAAAATCCTGTGCAATAGACACATA 

CATGTCACATTTAGCTGTGCTCAGAAGGGCTATCATCA 

(SEQ0ID0HO0S 1) 



FIG. 1B 
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MSTPGVNSSASLSPDRLNSPVTIPAVMFIFGWGNLVAIV 
VLCKSRKEQKETTFYTLVCGLAVTDLLGTLLVSPVTIATY 
MKGQWPGGQPLCEYSTFILLFFSLSGLSIICAMSVERYLA 
INHAYFYSHYVDKRLAGLTLFAVYASNVLFCALPNMGLGS 
SRLQYPDTWCFI DWTTNVTAHAAYS YMYAGFS S FL I LATV 
LCNVLVCGALLRMHRQFMRRTSLGTEQHHAAAAASVASRG 
HP AAS PALPRLSDFRRRRS FRRI AGAE I QMVTLL I ATS LV 
VLICSIPLWRVFVNQLYQPSLEREVSKNPDLQAIRIASV 
NPILDPWIYILLRKTVLSKAIEKIKCLFCRIGGSRRERSG 
QHCSDSQRTSSAMSGHSRSFISRELKEISSTSQTLLPDLS 
LPDLSENGLGGRNLLPGVPGMGLAQEDTTSLRTLRISETS 
DSSQGQDSESVLLVDEAGGSGRAGPAPKGSSLQVTFPSET 
LNLSEKCI (SEQ.ID.NO.: 2) 

FIG. 1C 



WO 95/06664 



PCT/CA94/00470 



4/7 




ro 

SUBSTITUTE SHEET 



WO 95/06664 



PCT/CA94/00470 



5/7 




X 
GO 



ro 



WO 95/06664 PCT/CA94/00470 



6/7 



s s s s s s s 




9NIQNI8 DIJI03dS WfHNIXVW % 



SUBSTITUTE SHEET 



WO 95/06664 



PCT/CA94/00470 



7/7 




oooooooo 



o 
r o 



h- CD 



: O or 



UJ 

o 

p 1 

o 



o □ 
o — 1 

o 



o 

o 
o 



CD 



8 S 2 o o 



9NIQNI8 3IJI03dS WflWIXVW % 



SUBSTITUTE SHEET 



1 

INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/CA 94/00470 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: C07K 14/72 . 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: C07K, C12N 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



MEDLINE. BIOSIS. CA. DBA, WPI, CLAIMS. EMBASE 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Clarion of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X . 



Dialog Information Services, file 155, MEDLINE, 

Dialog accession no. 08540063, Medline accession 
no. 93250063, Loh CL et al: "Characterization of 
prostaglandin E2 receptors expressed on human mono- 
cytic leukaemic cell line, U937", & Biochim Biophys 
Acta (NETHERLANDS) May 8 1993, 1177 (1) p43-8 



Dialog Information Services, file 155, MEDLINE, 

Dialog accession no. 08506741, Medline accession 
no. 93216741, Honda A et al: "Cloning and expression 
of a cDNA for mouse prostaglandin E receptor EP2 
subtype", & J Biol Chem (UNITED STATES) aPR 15 1993, 
268 (11) p7759-62 



1-9 



1-9 



j~] Further documents are listed in the continuation of Box C | | See patent family annex. 



* Special categories of cited < 
"A* **»*"i»m **pTvng en*™ 1 — •»» fifth* which »« «ot considered 

to be of particular relevance 
*E" ertier documeot but published on or after the international filing date 

*L* document which may throw doubts on priority daixn(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

•O* document referring to an oral disclosure, use, exhibition or other 



*P* document published prior to the international filing date but later than 
the priority date claimed 



T~ later document pubUsbed after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X* document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

- *Y' document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of me same patent family 



Dale of the actual completion of the international search 
12 December 1994 


Date of mailing of the international search report 

2 6. V- * 


Name and mailing address of the ISA/ 
European Patent Office 

Facsimile No. 


Authorized officer 

JONNY BRUN 
Telephone No. 



Form PCT/ISA/atO (second sheet) (July 1992) 



